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in situ are not visible to the naked eye
and can only be seen in electron
micrographs of skin biopsies. Pore strip-
ping, like cyanoacrylate glue, removes
vellus hairs to which follicular casts are
attached. These casts comprise cellular
debris, sebum, and bacteria, and are
typically larger when derived from acne-
prone follicles. Casts from acne patients
may or may not include microcome-
dones depending on the site sampled;
those from healthy skin are certainly not
microcomedones. On the nose, tricho-
stasis spinulosa (accumulation of shed
vellus hairs in the follicular lumen,
Harford et al., 1996) is frequently
present in acne and non-acne; affected
follicles will be sampled by pore
stripping. It is not apparent whether the
skin surface was sterilized before use of
the pore tape and, as the entire tape was
processed (except in the metagenomics),
transient surface and resident follicular
bacteria may have been included.
The results of this study show that six
ribotypes were more abundant in acne
patients than in controls, four significantly
so. Of these six ribotypes, three (RT4,
RT5, and RT10) carry a G1058C nucleo-
tide substitution associated with resistance
to tetracyclines (Ross et al., 1998; Oprica
et al., 2005). The presence of these
tetracycline-resistant variants on acne-
prone skin is almost certainly a
reflection of selective pressure, and not
virulence. Oral tetracyclines have been a
popular acne therapy for over 50 years
and are still widely prescribed. Chronic
antibiotic administration may or may not
have created them, but it put them at a
competitive advantage over susceptible
lineages. Outside the United States of
America, most isolates of P. acnes from
acne patients remain tetracycline suscep-
tible, especially in countries where tetra-
cyclines for acne are less intensively used
(Ross et al., 2003; Oprica et al., 2004;
Luk et al., 2013). In the United States of
America, P. acnes resistant to anti-acne
antibiotics were sought but not found on
the skin of 1,000 acne patients sampled
in the mid 1970s (Leyden, 1976); how-
ever, they were detected in the following
decade (Leyden et al., 1983).
The possibility that strains of P. acnes
specifically associated with acne exist is
an exciting one. Demonstrating that this is
true would be a first step toward determin-
ing whether some strains are more patho-
genic than others or are better able to
survive within acne lesions. The authors’
sophisticated molecular analyses are well
suited to providing the answers as long as
more appropriate samples are used.
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TO THE EDITOR
In our recent paper, we reported our
metagenomic study of the skin
microbiome associated with acne (Fitz-
Gibbon et al., 2013). Using 16S
ribosomal DNA (rDNA) analysis and
whole-genome sequence analysis of 71
Propionibacterium acnes strains, we
demonstrated that the strain popu-
lations of P. acnes in pilosebaceous
units were distinct between acneAccepted article preview online 17 June 2013; published online 11 July 2013
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patients and normal individuals. We
appreciate the commentaries by
Alexeyev and Zouboulis (2013) and by
Eady and Layton (2013) on our paper
and are pleased to see that our findings
from the study stimulate more scientific
interest and discussion.
Sampling method and anatomic loca-
tion are important factors to consider in
microbiome studies. Our approach to
sampling and sequencing the microbial
community inside pilosebaceous units is
unique and allows analysis of the micro-
biome associated with acne at the bac-
terial strain level. The commentaries
suggested that the Biore strip method
used in our study is similar to the tape
stripping method (Alexeyev and
Zouboulis, 2013; Alexeyev, 2013; Eady
and Layton, 2013), which is known to
remove the stratum corneum of the
epidermis. To highlight the distinction
between the two methods, in Figure 1,
we show a dermatoscopic image of a
typical sample from a Biore strip col-
lected from the nose of an individual
with clear skin. We use microforceps to
pluck the follicle contents off the strip.
Our method using Biore strip samples
only the contents inside pilosebaceous
units. The genomic DNA extracted from
the samples was then used in the 16S
rDNA sequencing and metagenomic
shotgun sequencing described in the
paper (Fitz-Gibbon et al., 2013). We
collect the contents of pilosebaceous
units with minimum sampling of the
skin surface or human cells aligning
inside the follicles. The metagenomic
shotgun sequencing data shown in the
paper indicate that only approximately
10% of the sequence reads were
mapped to the human genome. This
shows that, unlike the tape stripping
method, a very limited number of host
cells were contained in the samples that
we collected using Biore strips.
In this study, we took a different
sampling strategy from prior approa-
ches. Because the microbial populations
of acne lesions can be significantly
affected by the host inflammation and
the colonization of other microorgan-
isms after the causative or initiating
events of acne, and because different
skin sites harbor different microbial
communities, we specifically decided
to sample all pilosebaceous units within
the same skin site among all individuals
rather than sampling only the acne
lesions in acne patients. Thus, the sam-
ples used in this study largely represent
‘‘pre-lesional’’ samples in patients who
are known to have acne. Costello et al.
(2009) and Grice et al. (2009)
demonstrated that different skin sites
harbor distinct microbial communi-
ties, even in different areas of the face.
In order to compare samples from
different individuals, we sampled the
same anatomical site consistently. The
nose is one of the best sites on the face
that can be sampled consistently among
different individuals without ambiguity.
We used a 16S rDNA metagenomic
sequencing approach to analyze the
differences in the population structure
of P. acnes strains between acne patients
and normal individuals. Within a single
lesion or follicle, multiple bacterial spe-
cies and/or multiple P. acnes strains
are likely to exist. Therefore, sampling
multiple pilosebaceous units is a valid
approach to study the association
between the microbiome and the dis-
ease. Pooling samples or using collective
samples from multiple anatomical sites
or multiple individuals is a common
approach to study the relationship
between the microbiota and disease
conditions. Examples include using fecal
samples to analyze the gut microbiome
(Ley et al., 2006; Turnbaugh et al., 2009;
HMP Consortium, 2012; Smith et al.,
2013), studying the oral microbiome by
pooling plaque samples from multiple
tooth sites (Griffen et al., 2012), or by
swabbing a certain area of the skin, oral
cavity, or the vaginal tract (Gao et al.,
2007; Costello et al., 2009; Grice et al.,
2009; HMP Consortium, 2012; Kong
et al., 2012). Using a rigorous and
reproducible sampling and sequencing
approach in a relatively large cohort
size, we demonstrated that unique
populations of P. acnes strains on the
nose are associated with the clinical
finding of acne vulgaris in these patients.
In addition to 16S rDNA sequencing
analysis of the skin microbiome, in this
study we sequenced the genomes of
66 P. acnes strains that represent all
the major lineages found on human
skin. This is the largest P. acnes genome
data set published to date. The genomes
of P. acnes strains, which provide the
highest resolution for strain classification,
clearly show that the typing based on the
16S rDNA sequence is highly consis-
tent with the genomes of different line-
ages (Fitz-Gibbon et al., 2013). As also
shown in our recent publication
(Tomida et al., 2013), 16S ribotypes cor-
respond very well to the clonal com-
plexes from two P. acnes multilocus
sequence typing (MLST) schemes (Kilian
et al., 2012; McDowell et al., 2012) with
a similar resolution. One of the novel
aspects of our study is that the phylo-
genetic tree based on the core genome
regions demonstrated that 16S ribotyping
can be used for P. acnes strain identifi-
cation and classification (Fitz-Gibbon
et al., 2013). It provides a much higher
resolution than recA typing and is much
simpler and faster with only one gene
Figure 1. A Biore strip collected from an individual with clear skin showing the follicle contents
(indicated by arrows) that we would pluck off the strip and extract genomic DNA from. The genomic
DNA extracted from the samples was used in the 16S rDNA sequencing and metagenomic shotgun
sequencing described in the paper (Fitz-Gibbon et al., 2013).
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required compared with MLST. In addi-
tion, 16S ribotyping method can be
applied in a high-throughput manner by
combining with next-generation seque-
ncing, which is difficult to achieve using
MLST. Thus, 16S ribotyping has the
advantage of allowing us to detect the
microbiome variations at the strain level.
The presence of antibiotic resistant
strains in acne patients could be explai-
ned by multiple hypotheses. It might
partly reflect selective pressure by anti-
biotics. However, the majority of the
subjects in the study had not been
treated with antibiotics (Supplementary
Table S2 in the paper by Fitz-Gibbon
et al. (2013)). Our genome analysis
demonstrated that these antibiotic resi-
stant strains harbor additional genomic
loci that are not found in non-acne-
associated strains. These loci appear to
have a plasmid or phage origin, and
contain virulence-associated genes that
have been found in other species.
Previous studies based on cultured
isolates from acne lesions have also
suggested that strains belonging to
the same type were highly associated
with acne (Lomholt and Kilian, 2010;
McDowell et al., 2012), consistent
with our findings. Furthermore, several
other acne-associated ribotypes identi-
fied in our study do not contain the
tetracycline resistance mutation, sug-
gesting that the associations of these
strains with acne are less likely due to
the selective pressure by tetracycline.
We believe that the findings from our
paper add significantly to our under-
standing of the relationship between the
P. acnes strain population structure in
pilosebaceous units and skin health and
disease. Further research using various
methods and approaches is needed. We
look forward to additional studies that
will further improve our understanding
of the roles of P. acnes strains in acne
pathogenesis.
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